Adsorption is a surface process. By evolution, nature has created design principles such as scaffolds that allow to carrying surface bound agents at high density. We used a nanofibrous pullulan/poly(vinyl alcohol)/poly(acrylic acid) (Pul/PVA/PAA) support to carry surface active PAMAM dendrimer similar to spores attached to mushroom gills. A monolayer of ceria (CeO 2 ) nanoparticles served as the linker between PAMAM and the nanofiber. The nanocomposite was a highly effective Cr(VI) adsorbent and the maximum adsorption capacity q max = 847 mg g −1 is the highest reported value for the same kind of materials so far. The materials was characterized by scanning electron microscopy (SEM), thermogravimetric analysis (TGA), Fourier transforminfrared spectroscopy (FTIR), zeta potential and multipoint BET method to measure the specific surface area. Removal of Cr(VI) from aqueous media was tested under different batch and fixed bed column operation conditions such as pH, temperature and competing ions. Thermodynamic properties were determined based on a modified Langmuir adsorption isotherm and the adsorption kinetic was investigated. Positive entropy of adsorption and an endothermic adsorption process was found, while the rate-limiting step was pseudo second order which is associated with a chemisorption process. The nanocomposite was reusable and up to 95% of the adsorbed Cr(IV) ions were recovered by alkyne washing.
Introduction
Nowadays, detoxification of various pollutants from wastewaters is a challenging issue in water treatment and environmental protection processes. Presence of heavy metals and hexavalent chromium in particular is one of the most important issues. Therefore they are an extensively studied target pollutant [1] . The widespread use of Cr(VI) in various industries such as metallurgy (steel, ferro and nonferrous alloys), chemistry (pigments, electroplating, tanning and other) and refractories (chrome and chrome-magnesite) [2, 3] , gives the chromium removal process a big priority in water treatment. According to previous studies using different removal methods, adsorption is still the best and most popular method due to being cheap, easily controlled, and highly efficient [4, 5] .
Recently, different investigations introduced nano-sized metal oxides such as iron oxide, manganese oxides, aluminium oxides, titanium oxides, and cerium oxides as promising adsorbents for the removal process of heavy metals from aqueous systems [6] [7] [8] [9] . The most important reason of using nano-structured metal oxides is their large specific surface area [10] . Many studies showed that nano-sized metal oxides are favorable adsorbents for heavy metals due to their high capacity and selectivity [6, 11] . However, reducing the size of metal oxides to nanometer increases the surface energy which leads to a very poor stability and very high agglomeration tendency in the presence of van der Waals forces or other electrostatic interactions [12] . Since agglomeration has a great negative effect on adsorption capacity, finding an efficient support for stabilizing of nanoparticles is very important.
Electrospun nanofibers are promising and widely used materials in a vast variety of fields such as water treatment -in particular the heavy metal removal processes -due to a high surface area and their porous structure [4, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Using electrospun nanofibers as a support for nanoparticles could result in providing a nanocomposite with advantages of both materials. Recently, this approach has been investigated using different polymers for nanofiber synthesis as well as different nanoparticles [4, 24, 25] . Such combined materials do not only provide an efficient adsorbent for the heavy metal removal process, but the separation of the adsorbent from the filtrate is easy and convenient without the necessity of using any further method.
Organic functional groups such as amines show favorable interactions with heavy metals due to their ability to coordinate ions [9, 24, [26] [27] [28] [29] [30] [31] [32] . In this work, we were able to modify the surface of nanoparticles attached to a nanofibrous support with the help of highly branched polyamidoamine (PAMAM) dendrimer macromolecules. For this purpose, environmentally friendly nanofibers were produced by electrospinning using a mixture of pullulan, polyvinyl alcohol, and poly acrylic acid. The nanofibers were coated with cerium oxide nanoparticles followed by surface modification with the dendrimer. The nanocomposite provided a high amount of amine groups and consequently it was a super active adsorbent for Cr(VI) removal.
Experimental

Materials
Cerium (IV) oxide (CeO 2 -NPs) (nano powder, < 25 nm), (3-glycidyloxypropyl) trimethoxysilane (> 98%) (GPTMS), PAMAM dendrimer with ethylene diamine core, generation 3.0 solution (20 wt% in methanol), poly(vinyl alcohol) (PVA, Mw = 89,000-98,000 Da, DH = 99%), poly(acrylic acid) sodium salt (PAA, Mw = 5100), NaOH (sodium hydroxide), HCl (hydrochloric acid, ACS reagent 37%), 1,5-diphenylcarbazide (ACS reagent), sulfuric acid (95-98 %), NaNO 3 (sodium nitrate), KH 2 PO 4 (potassium hydrogen phosphate), Na 2 SO 4 (sodium sulfate), and K Cr O 2 2 7 (potassium dichromate, ACS reagent, > 99%) were bought from Sigma Aldrich, Germany. Pullulan (food grade) (Pul) was provided by Hayashibara Co. Ltd., Japan. Scheme 1a and b show the structure of the polymers and the dendrimer.
Preparation of electrospun nanofibers (NF)
Electrospinning solution was prepared by dissolving 14.5% mass fraction of Pul/PVA/PAA (ratio 2:3:2) in distilled water. The nanofibers were electrospun using a Nanospider™ NS lab 500 (Elmarco s.r.o., Czech Republic). A high voltage of 78 kV was used on the system with a cylindrical electrode and backing paper as collector. The distance between electrode and collector was 19 cm. Temperature and humidity during electrospinning was 27 ± 3°C and 26 ± 4% respectively resulting in uniform nanofiber production. Nanofiber mats were then thermally crosslinked at 180°C for 15 min in air to become water insoluble [16] [17] [18] [19] .
Preparation of ceria coated nanofibers (CeO 2 /NF)
Cerium oxide (Ceria) suspension was prepared by sonication of CeO 2 -NPs in deionized water (2 g l -1 ) for 3 min followed by dipping the neat nanofiber mats in it for 30 s (5 g nanofibers in 1 l suspension). The coated nanofibers were rinsed three times with deionized water and dried at 50°C for 2 h. The optimum conditions were identified using different concentrations and treatment time and nicely covered nanofibers without any agglomeration of nanoparticles were obtained based on SEM images.
Synthesis of dendrimer/ceria nanocomposite with nanofibrous support (D/CeO 2 /NF)
About 350 mg CeO 2 /NF were stirred in 100 ml of ethanol for 20 min, followed by addition of 100 μl of GPTMS to the solution. GPTMS as a reactive silane coupling agent was used due to its capacity for making stable chemical bonds between inorganic (cerium oxide) and organic (dendrimer) materials [26, [33] [34] [35] . The solution was stirred for 5 h at room temperature and the nanofibers were washed 3 times using ethanol and deionized water for removing unreacted GPTMS. Approximately 350 mg of surface treated nanofibers were stirred in a mixture containing 100 ml ethanol and 30 μl of dendrimer for 24 h at 45°C. The chemically modified nanofibers were collected, washed 5 times with ethanol and deionized water and air dried. Scheme 1b is illustrating the synthetic procedure indicating that the chemically modified nanocomposite has high amount of active amine groups on the surface.
Preparation of dendrimer treated ceria nanoparticles (D/CeO 2 )
Dendrimer treatment was also done for ceria nanoparticles to compare their adsorption efficiency with D/CeO 2 /NF. 1 g of ceria nanoparticles were sonicated for 1 h in 100 ml of ethanol. Sonication was continued for 5 h after adding 1 ml of GPTMS to the mixture. The silanized nanoparticles were removed from unreacted GPTMS by centrifugation and washed three times with ethanol and water. About 1 g of surface modified nanoparticles were dispersed in a mixture of 150 ml of ethanol and 100 μl of PAMAM dendrimer and sonicated for 6 h at 50°C. The chemically modified ceria nanoparticles were collected by centrifugation and dried at room temperature for one day (Scheme 1c).
Characterization
The morphology of the nanofibers was studied using a FEI Quantum FEG250 scanning electron microscope (SEM) with an acceleration voltage of 5 kV. The samples were gold coated (Quorum Q150RS sputter) for 30 s at 20 mA to prevent the charging effect during the measurements. The nanofiber diameter was determined manually from SEM images as suggested by Stanger et al. [36] . Transmission Fourier transform infrared spectroscopy (FTIR) experiments were performed at room temperature on a Bruker Tensor 37 instrument which was equipped with a pallet holder. For all the measurements, a pellet of the sample mixture with dried potassium bromide in 1:60 mass ratio was used. All spectra were collected between 400 and 4000 cm . Thermogravimetric analysis (TGA) was carried out using a Mettler Toledo (TGA 1 STAR e System) thermal gravimetric analyzer at a heating rate of 10°C min -1 in the range of 30°C-1000°C under nitrogen flow. The specific surface area, a BET , of the adsorbent was determined by nitrogen sorption at 77 K with a Quantachrome Autosorb iQ MP instrument using the multipoint Brunauer-EmmettTeller (BET) method. The theoretical surface area, a calc , was calculated from geometric models with the assumption of cylindrical infinite fibers and spherical particles using Eqs. (1) and (2),
where V and r are the volume and the radius of the fibers or nanoparticles, respectively. For the treated nanofiber samples (CeO 2 /NF and D/CeO 2 /NF), the theoretical surface area was calculated considering the amount of ceria and dendrimer treated ceria (D/CeO 2 ) on the surface (extracted from TGA results) with the assumption that the available surface of the nanofiber immobilized nanoparticles was half to surface of the nanoparticle sphere. Zeta potential and size of the nanoparticles were measured three times using dynamic light scattering (Malvern zetasizer Nano ZS). For the nanocomposite, the MütekTM SZP-06 device was used to determine the electrokinetic surface potential (zeta potential) of the nanofiber surfaces [37] . The pH of the solutions was adjusted using HCl and NaOH. The total amount of nitrogen (TN) on the surface of D/CeO 2 /NF was balanced based on the unreacted dendrimer used in the preparation of D/CeO 2 /NF (initial and final dendrimer containing solutions). The TN in the dendrimer solutions was determined using a Shimadzu TOC-L equipped with TNM-L accessory (720°C catalytic thermal decomposition/chemiluminescence method).
Batch adsorption experiments
A series of batch Cr(VI) adsorption experiments were carried out as functions of Cr(VI) initial concentration (1-900 mg l -1 ), pH (1-12) and temperature (25°C -85°C). Cr(VI) solutions were prepared by dissolving the corresponding amount of K Cr O 2 2 7 in deionized water. The initial pH was adjusted using 0.1 mol l -1 HCl or 0.1 mol l -1 NaOH solutions. The adsorbent amount was kept constant during the experiments (approx. 0.16 g l −1 ) and the solution was stirred continuously at 300 rpm at room temperature for 8 h. Samples were taken at different time intervals and the Cr(VI) concentration was determined using UV-vis spectroscopy (Specord S 600, Analytik Jena, Germany) at λ max = 540 nm with diphenylcarbazide in acidic solution according to the standard colorimetric method used for the examination of water and wastewater [38] . The limit of quantification (95%, f = 9) was determined to be 0.60 mg l -1 and the sensitivity was 0.30 ± 0.01 l mg -1 , see also Fig. S1 , Supporting information. The adsorption capacity of the nanocomposite at time t was calculated according to Eq. (3):
Where γ 0 and γ t (mg l −1 ) are the initial and time t mass concentration of
) is the adsorption capacity at time t, m (g) is the adsorbent dose and V (l) is the volume of the solution. The mass concentration of saturated Cr(VI) in the bulk phase at pH 3, γ s (mg g Regeneration experiments were conducted separately using 1 mol l -1 HNO 3 , 0.1 mol l -1 NaOH solutions, and deionized water with pH = 7. Afterwards, they were washed two times with deionized water and dried at room temperature.
Continuous adsorption experiments
For continuous adsorption experiments, one to three layers of NF and D/CeO2/NF were placed custom made fixed bed column with 15 mm diameter that was inspired by the design of industrial filter press used for plate filters in depth filtration, see Fig. S2 . The mass of active adsorbent was 1.83 mg per layer. The feed rate was V˙= 2.8 ml min . Samples were taken every minute until saturation of the adsorbent was achieved.
Statistics
Thermodynamic and kinetic parameters are given with a 95% confidence interval and the fit quality is expressed in terms of the coefficient of determination (R 2 ), the root mean square deviation (RMSD), and the relative root mean square deviation (RRMSD), see Supporting information and Tables S1-S3. NF and D/CeO 2 /NF was investigated by SEM images as presented in Fig. 1 . Sonication is an efficient way to introduce a layer of nanoparticles to the nanofibrous support without any agglomeration (Fig. 1b) . However, during the dendrimer treatment process partial adhesion between the nanofibers took place (Fig. 1c) which can be related to the high cross-linking that happened during the silanization and dendrimer treatment process due to different active methyl groups of GPTMS as well as to the huge amount of active amine groups of the PAMAM dendrimer that can attach to more than one CeO 2 -NP surfaces at the same time. On the other hand, swelling of the fibers due to physical incorporation of dendrimer is significant (Figs. S3 and S4 ). The modification of the nanofiber surface was also followed by FTIR, Fig. 2a This would give a BET based particle diameter of 18.2 nm which is within the specification of the supplier (< 25 nm). The calculated specific surface area based on the DLS diameter assuming a spherical model on the other hand is too low (6.0 m 2 g -1 ) which indicates non-spherical particles and agglomeration, as was also observed by DLS (Fig. S5 ). For the free nanoparticles, the specific surface area is reduced by dendrimer treatment from 45.6 to 38.8 m 2 g -1
. This can be related to reducing the surface roughness of the particles as well as to a higher diameters due to dendrimer coating [42] . The BET measurements implied no positive effect of dendrimer treatment on the specific surface area of CeO 2 -NPs and D/CeO 2 /NF in the dry state. In the wet state, however, most of the nitrogen functional groups of the PAMAM dendrimer should be accessible for the adsorption of Cr(VI). TGA measurements are also presented in Fig. 2b . Untreated NF showed two main decomposition peaks related to the decomposition of the side and main chains of the polymeric nanofibers. However, covering nanofibers with CeO 2 -NPs resulted in retarding the degradation process which is attributed to the reduced mobility of polymeric chains that are interacting through hydroxyl groups with the CeO 2 -NPs. The residue on ignition of CeO 2 /NF is 29.2% which is much higher than the observed 1.46% for the NF. The difference is related to the deposited CeO 2 -NPs on the nanofiber surface. The amount of cerium oxide in each sample is presented in Table 1 . The electric charge of nanocomposite as well as nanoparticles were measured in solution at different pH as illustrated in Fig. 2c . The nanofiber with an isoelectric point (IEP) around pH = 3.5 showed a big shift to an IEP at pH = 7.8 after dendrimer treatment due to the presence of amine groups on the surface of D/CeO 2 /NF. The presence of cationic dendrimer causes the shift in IEP of nanoparticle as well (from pH = 7 to pH = 8.8). The same results are reported in other studies [27] . The possibility of agglomeration was investigated by measuring the size of the nanoparticles at different time intervals of sonication and a high agglomeration tendency of free nanoparticles was observed as shown by the size increase with time (Fig. S5) .
Batch Cr(VI) adsorption
Effect of supporting CeO 2 -NPs and dendrimer treatment
The Cr(VI) adsorption efficiency of the D/CeO 2 /NF nanocomposite was investigated by its equilibrium adsorption capacity with free CeO 2 -NPs, dendrimer treated nanoparticles (D/CeO 2 ) and nanoparticles immobilized on the nanofiber mat (CeO 2 /NF) as shown in Table 1 . CeO 2 -NPs had a Cr(VI) adsorption capacity of q(CeO 2 -NPs) = 83.8 mg g ) which prevented agglomeration during the adsorption process. Surface treatment of CeO 2 /NF with dendrimer finally rendered a highly efficient adsorbent with q(D/CeO 2 /NF) = 179.4 mg g −1 (77% increase). This significant increase was a direct consequence of the immobilization of the CeO 2 -NPs on the nanofiber support, which kept the surface of all immobilized CeO 2 -NPs accessible. Free CeO 2 -NPs in contrary tended to agglomerate during dendrimer treatment as was seen in the increased particle size of 167 nm (21% increase) with the effect of less accessible surface.
Effect of solution pH
Since pH is the most important factor in determining the charge density of the adsorbent and the heavy metal analyte in solution, it can affect the adsorption process remarkably as shown in Fig. 3a . An acidic environment increases the number of ammonium ( + -NH 3 ) groups on the surface of the nanocomposite which will adsorb Cr(VI) ions through electrostatic interaction [27] . The Cr(VI) ions exist in various forms such as ). § Based on SEM images. # For general conditions see According to different reports, most of the effluent from chromium industries is highly acidic and a highly effective adsorbent which is completely stable in low pH range would be a great advantage and industrially applicable [51, 52] .
Effect of the presence of other anions
Wastewaters of different factories contain various kinds of anions which can compete with the Cr(VI) ions in the adsorption process. resulting in a lower adsorption capacity for Cr(VI). The same results are reported in previous studies [27, 53] . Fig. 3c shows an increasing adsorption capacity at higher temperature, which was also observed in other studies on Cr(VI) adsorption [4, 27, [54] [55] [56] . The positive temperature effect indicates a positive entropy (°ΔS ad ) of adsorption and it is studied in detail by the following equilibrium isotherms.
Effect of temperature
Continuous Cr(VI) adsorption in a fixed bed column
Only a few examples of applying electrospun nanofibers as adsorbents in fixed bed columns have been reported [54, 57, 58] . Technical limitations are given in the way of packing columns with nanofibers, in wall slipping effects, and in high differential pressure. Here we prepared fixed bed columns with thin beds comprised of one to three layers of nanofiber mats and we investigated them for the continuous adsorption of Cr(VI). The corresponding breakthrough curves are shown in Fig. 5 . D/CeO 2 /NF was more effective in retaining Cr(VI) than NF and the breakthrough point was successfully shifted to larger flow volumes by increasing the amount of bed material. The experimental data were fitted using the Thomas model [59] and equilibrium adsorption capacities q e between 54 and 79 mg g , according to the modified Freundlich isotherm, which is discussed in the modelling section. The corresponding Thomas rate constants k Th were between 0.04 and 0.07 l mg
. Further details on the Thomas model are given in Fig. S6 and Table S1 , Supporting information. Our data indicate that nanofiber mats such as D/CeO 2 /NF can indeed be applied as stationary phase in fixed bed columns. Hardick et al. presented an operation scheme to simulate moving bed columns for continuous downstream processing using several fixed bed nanofiber based columns [57] . However, to overcome the intrinsic limitations of high differential pressure and stable column packing, alternative nanofiber based materials such as nanofiber based aerogels should be considered. We could recently demonstrate the continuous operation of such a nanofiber aerogel based fixed bed column for dye adsorption [18] .
Regeneration and reusability
As one of the most fundamental issues, the cost effectiveness of D/ CeO 2 /NF was investigated by evaluating the regeneration ability of the nanocomposite. Different solutions for desorption process were used as presented in Fig. 4a . It shows that by using basic solution, 95% of chromium ions were desorbed which is favorable for desorption. According to Fig. 4b , a decrease of 12% in adsorption capacity is observed in the first cycle which increases in the following cycles to reach 28.3% at the fifth cycle.
Regeneration and reusability will also be crucial in cutting down the costs of using nanofiber based composites for water remediation applications. While large scale electrospinning is technically feasible these days [60] , replacing CeO 2 with TiO 2 or silica and the dendrimer with polyethylenimine may also be considered to reduce the costs of D/ CeO 2 /NF. , γ 0 (Cr (VI)) = 50 mg l -1 , ϑ = 25°C, pH = 3, t = 8 h.
3.5. Modelling 3.5.1. Equilibrium isotherm models Adsorption isotherm study gives an idea about the mechanism and the relationship between the adsorbent and adsorbate at equilibrium to estimate the maximum adsorption capacity of the adsorbent. Effect of the Cr(VI) concentration on adsorption was investigated and the data were analyzed using Langmuir and Freundlich models (Eqs. (7) and (9)) as well as a modified Langmuir model, Eq. (8), [61] : ) and K F (mg g (l mg ) -1 -1 1/n ) are constants for the Langmuir and the Freundlich isotherms, respectively, and n is related to the adsorption intensity of the adsorbents [43, 62] . The modified Langmuir isotherm does explicitly account for the chemical potential of the dissolved Cr (VI) ions in the desorption process by introducing γ s and the constant K ML is dimensionless. This allows also the direct determination of the thermodynamic parameters of adsorption, the Gibbs energy (°ΔG ad ), enthalpy (°ΔH ad ) and entropy of adsorption [61] .
The fitting results are shown in Table 2 and Fig. 6a . All three isotherms are applicable for the system but by comparing the relative root mean square deviation (RRMSD), it was found that Langmuir and modified Langmuir isotherm (both 3.9% ≤ RRMSD ≤ 12.5%) are fitting better than the Freundlich model (15.4% ≤ RRMSD ≤ 19.1%) indicating monolayer adsorption of Cr(VI).
The maximum adsorption capacity of the new PAMAM based nanocomposite D/CeO 2 /NF (q max = 847 mg g −1 ) is compared with many different results reported previously using similar materials, Fig. 6b . So far, D/CeO 2 /NF is outmatching the Cr(VI) adsorption capacity of other materials. The highest reported absorption capacity for a PAMAM based material is 378 mg g −1 [27] . Based on the number of functional groups and assuming Cr O 2 7 2-adsorption as the dominant species, the upper limit .
The difference between this hypothetical q max and the experimental q max = 847 mg g can be attributed to incomplete coverage and the supporting structure, which is less effective in Cr(VI) adsorption, see also Table 1 .
Thermodynamic parameters of adsorption
In order to evaluate thermodynamic parameters of the adsorption process, the effect of temperature on adsorption was investigated between 25°C and 85°C as shown in Fig. S7 . Gibbs energy, enthalpy and entropy of adsorption were calculated from the modified Langmuir constant K ML using Eqs. (10) and (11).
Where R (J mol K −1 ) is the molar gas constant and T (K) is the absolute temperature.
As shown in Fig. S7 , the adsorption affinity of D/CeO 2 /NF is becoming higher at higher temperature which reveals a process with positive entropy of adsorption (°ΔS ad = 170 ± 30 J mol −1 K -1 ) rendering the overall adsorption process spontaneous despite its endothermic enthalpy of adsorption (°ΔH ad = 37 ± 10 kJ mol -1 ), see Fig. 3 , fitting statistics are given in Table S2 ). Table 4 Kinetic parameters for Cr(VI) adsorption by D/CeO 2 /NF according to pseudo first order, pseudo second order, and intra particle diffusion model (For conditions see Fig. 3 , fitting statistics are given in Table S3 ). 
Langmuir Modified Langmuir Freundlich
ϑ (°C) q max (mg g -1 ) K L (l mg -1 ) q max (mg g -1 ) K M (-) γ s (mg l -1 ) n (-) K F (mg g (l mg ) -1 -1 1/n ) 25
Adsorption kinetics
To understand the adsorption mechanisms (chemical interaction, mass transfer, and diffusion control), different kinetic models (pseudofirst-order, pseudo-second-order and intra-particle diffusion) were used. The pseudo-first-order adsorption model is given by Eq. (12):
Where k 1 is the rate constant of pseudo first order adsorption and q t is the Cr(VI) adsorption capacity at time t.
The linear form of the pseudo-second-order model is given by Eq. 
Where k 2 is the rate constant of pseudo second order adsorption. The possibility of intra-particle diffusion during the adsorption process is investigated using the intra-particle diffusion model as:
Where k is the diffusion rate constant and I is a constant related to the boundary layer thickness: the larger the value of I, the greater the boundary layer effect will be. The "bl" and "ip" indices in Table 4 represent the boundary layer and intra-particle diffusion, respectively [69] . Comparing the results presented in Fig. 7a and Table 4 , the pseudo-first-order model fits the data (RRMSD = 7.8%), but the pseudo-second-order kinetic model can predict the experimental equilibrium adsorption capacity better (RRMSD = 3.7%). Since with agitation of the solution, migration of Cr(VI) ions to the surface of adsorbent is fast enough, pseudo-second-order kinetic shows that the rate-controlling mechanism is chemisorption with electrostatic bonds. The same results are reported in similar studies [29, 70] . To identify the diffusion mechanism, the intra-particle diffusion model was used as presented in Fig. 7b . It is clear that the adsorption has more than one step, involving a very fast adsorption on the surface of the nanocomposite with its high amount of tertiary ammonium groups followed by other slow processes which can be referred to adsorption and diffusion into nanoparticles and nanofibers and encapsulation of Cr(VI) ions.
Conclusion
In this study, a surface enriched nanocomposite of ceria covered electrospun nanofibers with a high amount of active amine groups on the surface was synthesized. The specific surface area was determined by BET measurements and geometric models based on the diameter of the nanofiber support and the ceria nanoparticles are able to predict the order of magnitude of the specific surface area. The nanocomposite is well suited for Cr(VI) adsorption in acidic solutions due to protonation of the amine groups. The achieved specific adsorption capacity q max (D/ CeO 2 /NF) = 847 mg g −1 is the highest value reported in similar studies so far. The adsorption process is endothermic and pseudo-second-order kinetic fit the kinetic data well indicating a chemical adsorption process with electrostatic bonds between ammonium groups and Cr(VI) ions. Since several adsorption-desorption cycles are applicable, the nanocomposite can be considered as an efficient and cost effective alternative adsorbent for Cr(VI) in environmental remediation.
